Summary This study was conducted to examine the characteristics and use of dietary supplements by preschool children in Japan. A survey was conducted among 2,125 parents of preschool children to discover the status of dietary supplement use and their attitudes towards supplement use by their children. Logistic regression models were used to determine which characteristics predict supplement use in this population. For detailed characterization, child supplement users were also categorized as either the users of vitamins and minerals only or the users of other supplement components. For parents of non-user children, the parent's knowledge and attitudes toward supplements for children were investigated. Fifteen percent of children had used dietary supplements. Two parent-related factors were especially important, the frequency with which they referred to nutritional labels and their own supplement use, which had a significant encouraging effect on their children's supplement use. The parents of child supplement users showed limited awareness of the government system concerning diet and food, placed safety over efficacy, selected products with natural ingredients, and did not seek consultations with professionals. These parents, especially those who were aware of the specially designed supplements for children, exhibited positive responses to supplement use by their children. It is likely that parents' knowledge and attitudes toward dietary supplements and nutrition have a striking effect on their children's use of supplements. Unfortunately, their knowledge at present was less than satisfactory. More accurate information on nutrition, dietary intake and dietary supplements must be disseminated.
Foods with health-promoting effects have been increasingly desired in recent years, and dietary supplements have been attracting attention in many countries throughout the world. In Japan, the market for dietary supplements has grown rapidly with the distribution of numerous products ( 1 , 2 ) , but the environment surrounding dietary supplements is not well-organized. There is no clear definition of dietary supplements in Japan, and individuals apply their own interpretation of these products. However, it is understood that in general the term "supplement" corresponds to what are called dietary supplements in the United States.
The Japanese government regulates supplements and functional foods in two categories ( 3 ) . One is Food for Specified Health Uses (FOSHU), and the other is Food with Nutrient Function Claims (FNFC), which contains vitamins and minerals that have accumulating scientific evidence for their safety and efficacy as in the Dietary Reference Intakes ( 4 ) , and corresponds to dietary supplements in the United States. However, most of the products on the market are neither FOSHU nor FNFC and exist as general foods, without clear monitoring of their number and usage, which often contain ingredients that lack scientific evidence for their safety and efficacy ( 5 , 6 ) . The Japan Health Food and Nutrition Food Association, an organization that represents the associated industries, has voluntarily prepared safety standards to guarantee the quality of such foods and places a JHFA (Japan Health Food Authorization) mark on their products. Unfortunately, the market for products with the JHFA mark seems to be small.
The number of adult supplement users in Japan has recently become larger and larger, as in the United States and other developed countries (7) (8) (9) (10) . According to recent studies in various areas of Japan, 55% of men and 61% of women have used supplements ( 10 ) . The purpose of their use was for health maintenance, nutritional replenishment, beauty, and the prevention of illness. The respondents favored capsules and tablets; obtained their information from television, the Internet, merchandize fliers, and family or relatives; and purchased the supplements at pharmacies, drug stores, or through the Internet (11) (12) (13) (14) . Furthermore, the prevalence of supplement use is highest in the elderly; women; and individuals with a lower BMI, greater physical activity, a higher frequency of eating out, or high stress levels ( 10 , 15 ) .
Supplements are enriched with specific components such as vitamins, minerals, and other natural substances. The use of supplements would be beneficial for supplementation of a substance when its dietary intake is inadequate; however, adverse effects may be induced due to inappropriate use, the use of substances with little scientific evidence for their safety and efficacy, intake for disease prevention/curing without consultation with health professionals, and the use by high-riskgroups such as children and pregnant women.
Children, especially young children, are more vulnerable to the adverse effects of substances like dietary supplements. Therefore, taking supplements should be considered high risk for young children. In addition, young children are in the process of forming healthy dietary habits, so reliance on supplements may result in a disregard for the importance of healthy daily eating habits. In the United States where the use of supplements by adults became popular earlier than in Japan, it has been reported that supplement use by children is common and is being extended to infants (16) (17) (18) (19) (20) (21) (22) (23) . In those studies, it was shown that about 30 to 50% of children take supplements and that the factors that affect their use are families with higher incomes, only one child, or dietary problems, parents with a high education level, and parent's use of supplements. However, it remains unclear which factors enhance the use of supplements by children.
It is anticipated that the use of supplements by children will increase in Japan. However, there are no reports on supplement use by young children in Japan. Thus, in this study a questionnaire was administered to observe the current status of supplement use and the characteristics and factors that relate to the use of supplements in preschool children.
SUBJECTS AND METHODS
Subjects. The subjects of the survey were 2,125 parents of children attending 21 cooperating kindergartens and day-care centers (7 kindergartens and 14 daycare centers) located in 7 prefectures (Aomori, Yamagata, Ibaraki, Tochigi, Chiba, Saitama, and Kagawa) from May through September 2007. In Japan, kindergartens and day-care centers provide pre-school care and educational services. The former are schools for children 3 y of age or older where they are cared for, for an average of 4 h a day. The latter are child welfare facilities where infants and young children, even those younger than 12 mo of age, are taken care of while their parents are working. They are generally cared for for 8 h a day, which may be adjusted to suit their parents' work schedules. Responses were obtained from 1,533 parents (effective recovery rate: 72.1%), among which 96.5% were women, and 72.6% were in their 30s. Completion of the survey was considered informed consent. This study was conducted with the approval of the Research Ethics Committee of the National Institute of Health and Nutrition of Japan.
Questionnaires. Our descriptive study used an anonymous, self-reported survey. The questionnaire was distributed at kindergartens and day-care centers. Arrangements were made to have the sheets collected at each kindergarten or day-care center and mailed to the party conducting the survey. The questionnaire topics were as follows.
The characteristics of the parents and their children were obtained including: The parents' sex and age (in decades), the children's age, number of siblings, birth order, and social environment (kindergarten or daycare center). Home income and parent's education level were not investigated because we believe that such questions would have decreased the recovery of responses.
Parents' and children's dietary supplement use: Considerable confusion is unavoidable because there is no set definition for dietary supplements in Japan. In the current survey, they were defined as those food substances that were in a tablet, capsule, powder, granule, extract, or chewable tablet form, according to the definition similar to dietary supplements in the United States. The use of supplements by parents and children was defined by the following four categories: "daily use," "occasional use," "past use," and "have never used." Later in the study, the last category was renamed the "supplement non-users" while the others were grouped as "supplement users."
Parents' attitudes towards diet: Using The National Health and Nutrition Survey in Japan, 2004 ( 24 ), questions were posed on dietary problems and the desire for improvement as an expression of the parents' awareness of the issues concerning their children's diet. The extent of the use of nutritional labels was used to interpret the parents' interest in diet. To assess their level of knowledge about food, questions were asked about their awareness of the standard dietary intake and the dietary balance guide. This standard dietary intake refers to the "Dietary Reference Intakes for Japanese, 2005" ( 4 ), which was formulated by the Ministry of Health, Labour, and Welfare of Japan. This standard is designed to show the optimum amounts of energy and five types of nutrients for Japanese to consume according to their gender and age to maintain and promote their health, as well as to prevent energy and nutrient deficiencies, life-style-related diseases, and disorders due to excessive intake. The dietary balance guide ( 25 ) was prepared by the Ministry of Health, Labour, and Welfare and the Ministry of Agriculture, Forestry, and Fisheries of Japan: it shows an ideal diet and estimates the amounts of food to be consumed, with easy-tounderstand illustrations so that the Japanese population will learn the basis of good eating habits.
The state of supplement use among children: The following topics were addressed with those children who use supplements: how old were they when they began to take supplements, the types of ingredients in the supplements (Vitamin/Mineral and others), the form of the supplement, the purpose of their use, their source of information, the place where the supplements were purchased, what cautions were exercised when purchasing the supplements, and their impression of the effects of the supplement.
The attitudes of the parents of the non-supplementusing children toward supplements: The following questions concern those children who do not use supplements: the extent of knowledge of the parent about supplements that are specially prepared for children, the age at which the use of supplements should be approved, the probability of their future use, and their attitude towards supplement use by children.
Statistical analysis. The characteristics of the users of the children's supplements were compared against those of the non-users. The children using the supplements were divided into two groups: one that had experience of using only vitamins and minerals (the Vitamin-Mineral group) and one that had experience of using other components (the non-Vitamin-Mineral group), and a comparison was made based on the status of their use. To compare the parents' attitudes toward supplement use, those who did not give supplements to their children were stratified by the extent of their agreement with the concept of supplements for children. For inter-group comparisons, a t -test was performed for continuous variables, and the 2 test was used for categorical variables.
Logistic regression was performed to determine which factors (area, social environment, gender of the parent, age of the parent, age of the child, birth order, diet problems, use of nutritional labels, extent of awareness of dietary reference intakes, or parent's supplement use) predicted children's supplement use. These factors did not show any correlation in an evaluation of the multiple covariance among the tested variables, using Spearman's rank correlation coefficient ( ␥ Ͻ 0.4). The data were analyzed using SPSS 15.0J for Windows and HALBOU 7, and the level of significance was set at p Ͻ 0.05.
RESULTS

Supplement use in parents and their children
The experience of supplement use by children was as follows: 2.1% ( n ϭ 32) in the "daily use" group, 7.0% ( n ϭ 106) in the "occasional use" group, 5.9% ( n ϭ 90) in the "past use" group, and 85.0% ( n ϭ 1,288) in the "have never used" group. Similarly, the experience of use by their parents was 11.8% ( n ϭ 173) in the "daily use" group, 27.5% ( n ϭ 402) in the "occasional use" group, 34.0% ( n ϭ 498) in the "past use" group, and 26.7% ( n ϭ 391) in the "have never used" group. These 4 groups of supplement use were indicative of the purchasing attitude of the parents; thus, the data were subjected to the Kruskal-Wallis test. The analysis revealed no difference among the 3 groups of "daily use," "occasional use," and "past use." Accordingly, the 3 groups were designated as the "users" group and the "have never used" group was designated as the "non-users" group in the remaining part of the study. Table 1 shows the characteristics of the children who use supplements. No significant differences were noted in terms of the number of their siblings, birth order, place of residence, gender or age of the parents. However, the mean age in children was significantly higher in the users than in the non-users ( p Ͻ 0.01). The proportion of supplement users in kindergarten was also significantly higher than that in day-care centers ( p Ͻ 0.01). In the parents' evaluation of their children's dietary habits and their desire to improve them, more than half admitted to the existence of many or some problems, and their wish to improve them. These parents' attitude, however, did not influence the children's use of supplements. The reference to nutritional labels by parents during dining out or food shopping was significantly higher in the child users than in the nonusers ( p Ͻ 0.01). Less than 20% of parents were aware of the Dietary Reference Intakes ( 4 ) and the Dietary Balance Guide ( 25 ) , which provide basic information about nutrition and diet and were established by the Japanese government. Parents' awareness of this basic knowledge did not relate to the use of supplements by their children. There was a significant ( p Ͻ 0.01) relationship between parents' and children's supplement use.
Characteristics of dietary supplement users
Multivariate regression analysis revealed that three characteristics were independent predictors of children's supplement use (Table 1) . These included the affiliation of children, parents' use of nutritional labels, and parents' supplement use. In particular, the more often the parent referred to nutritional labels and the higher the amount of supplements the parents used, the more frequently their children took dietary supplements. The present study failed to show any correlation between birth order, the children's age, the parents' evaluation of their diet or their desire for improvement, 
Details of supplement use by children
Sixty-eight percent of child supplement users (nϭ154) took vitamins and minerals only, and the remaining (32.5%, nϭ74) were users who had experience of non-Vitamin/Mineral supplements. The five most reported non-Vitamin/Mineral supplements were fish oil (44.6%), xylitol (10.8%), proteins (9.5%), herbs (8.1%), and vinegar (4.1%). More of the non-Vitamin/ Mineral group than the Vitamin/Mineral group had started using supplements at one year old, but the mean age at first use was similar in both groups (Fig. 1) .
The details of supplement use by children were compared with regard to the Vitamin/Mineral and nonVitamin/Mineral groups ( Table 2 ). The frequency of supplement use was most often described by both groups as "occasional," but a number of children responded "daily." The most frequently used forms of supplements were chewable or ordinary tablets in both groups. The capsules and powder forms were more popular in the non-Vitamin/Mineral group than in the Vitamin/Mineral group. Many products used were labeled "For children" or "May also be used by children," but some parents gave their children products "that were identical to those prepared for adults" (22.4%) or for which were "not certain about their suitability for children" (3.3%). Nutritional supplementation was the most prevalent purpose given by both groups. Unlike the Vitamin/Mineral group, health promotion and prevention of diseases were also frequent purposes given by those in the non-Vitamin/Mineral group. There were no significant differences between the two groups in the sources of information obtained; the major sources of which were over the counter (34.0%), acquaintances and friends (30.1%), and newspapers and magazines (12.9%).
The products were purchased mainly at pharmacies (41.7%) or via mail order (37.4%). Notable differences between the two groups were as follows: the presence of nutritional labels, the absence of food additives, and foods with nutrient function claims (in descending order) were noted by the Vitamin/Mineral group, while the use of natural materials was frequently cited by those in the non-Vitamin/Mineral group. At the time of purchasing, both groups emphasized the importance of safety (more than 80%).
In giving supplements to children, most parents did not seek consultation from others, especially from health professionals such as pharmacists, nutritionists, or physicians. Any consultation, if it was sought, was from family and relatives, acquaintances, and friends, which were more prevalent consultants in the nonVitamin/Mineral group than in the Vitamin/Mineral group (pϽ0.05). The precautions taken for use were "Observe the specified quantity" for more than 70%, and "Eat regular meals" for almost 60%. More parents in the non-Vitamin/Mineral group than in the Vitamin/ Mineral group gained a feeling of the efficacy of the supplement used (pϽ0.05).
Attitude of parents of non-supplement-using children toward supplement use
Among the parents whose children were supplement non-users, 30.5% (nϭ359) were aware of the existence of supplements that have been specially designed for children. The former were designated as the "aware group" and the latter as the "unaware group," and these categories were used for further analysis ( Table 3) . The allowable age for using supplements ranged widely (1 to 60 y), with the mean age being significantly higher in the unaware group (pϽ0.01). More parents in the aware group than in the unaware group approved the use of supplements by children (pϽ0.01) and stated that they may give their children supplements in the future (pϽ0.01).
DISCUSSION
Dietary supplements, which are specific enriched components such as vitamins, minerals, and other natural substances, have received great attention worldwide. Such supplements allow the easy intake of a spe- cific substance, but adverse effects may occur in cases of inappropriate use, especially in such use by young children, who are one of the high-risk-groups and therefore are more susceptible to adverse reactions. So far, there have been no reports on supplement use by preschool children in Japan. Thus, a survey was conducted in the present study to clarify the factors and characteristics related to the use of supplements among the children in 7 prefectures. The present research has several inherent limitations. The subjects of this study did not represent the population of the entire country; thus, the results cannot be applied to the Japanese population as a whole. All of our data were self-reported, leading to the possibility that the respondents may have misreported some data. Furthermore, the survey is cross-sectional and does not allow for causal inferences. Finally, because of constraints related to respondent burden, we were unable to collect information about the parent's education and income. However, to our knowledge, this is the first report to observe supplement use in preschool children in Japan, and the results provide important information about how we can face problems related to the use of supplements by children.
As Table 1 shows, the prevalence of supplement use was 15% among young children up to the age of 6 y, indicating that the supplement use among young Japanese children is not as prevalent as in the United States (17, 20, 22, (26) (27) (28) . There are supplements that have been specially designed for children, but 69% of the parents of the supplement non-user children were unaware of the existence of such supplements. Therefore, the lack of awareness of children's supplements may be one reason for the low prevalence of children's supplement use in this survey. The supplement use by adults in the United States has been increasing (19, (29) (30) (31) and similar trends, although somewhat delayed, have been observed in Japan (7) (8) (9) . The parents who were aware of the existence of children's supplements generally displayed an affirmative approach to children's supplement use. Such attitudes were evident in setting a low minimum age at which they started using supplements and in showing a strong likelihood to provide their children with supplements. Accordingly, it is expected that children's supplement use will expand in the future along with growing awareness of the existence of children's supplements, and use by babies and cases of addiction might be expected to occur as well.
In the present study, it was found that three factors are related to the promotion of supplement use by children (Table 1) . These included the affiliation of the children (kindergartens versus day-care center), nutritional label use by parents, and parents' supplement use. In particular, parents who used supplements on a daily basis were 14 times more likely to give supplements to their children than the parents who did not use them. This observation coincided well with previous reports from the United States (20, 32, 33) , indicating that the effect of the parents' history of supplement use is marked. These findings were expected because children cannot decide about the use of supplements by themselves; therefore, children's supplement intakes are totally dependent on their parents' action.
Those parents who spent more time with their children (who attended kindergartens only for a short time) and those parents who referred to nutritional labels in selecting food were more likely to give their children supplements. These results are similar to the results of previous studies (32, 34) , suggesting that the level of parents' interest towards nutritional balance, diet, and the welfare of their children relate to the use of supplements by their children. The parents' interest or sense of responsibility, rather than their pursuit of a way to take in nutrients, may lead to them supplying supplements to their children.
This questionnaire revealed two problems: the use of non-vitamin/mineral supplements and misunderstandings about the use of supplements by parents. Supplements should be used to supply ingredients that are in short supply in everyday meals. If the substances are vitamins and minerals, the evaluation of potential shortages can be made properly in general, because many of the nutrients have the adequate intake level and upper limit as the Dietary Reference Intakes (4) and are permitted to be labeled as Nutrient Function Claims (FNFC) by the Japanese government (3). On the other hand, the ingredients of non-Vitamin/Mineral often have poor evidence for their efficacy or safety and require particular care in their use. Thus, we divided the supplements into two categories (Vitamin/Mineral versus others ingredients) to analyze this survey. As a result, 32.5% of the child supplement users had experience in taking supplements that consisted of non-Vitamin/Mineral ingredients. The number of Non-Vitamin/ Mineral users in Japan is slightly higher than in the United States, where about 80% of the child supplement users take supplements containing Vitamin/Minerals. It should be pointed out that some children also use herbal supplements (8.1%). Generally, the efficacy and safety of such herbs are not tested in children, and the intake of herbs by children may induce adverse reactions. In fact, attention has been drawn to the use of herbs both by adults and children because of safety issues (33, 35) .
An excessive expectation and misunderstanding of dietary supplements by parents were suggested in this study. In purchasing supplements for children, parents confirmed the presence of nutritional labels and considered safety more seriously than efficacy, indicating that they have a strong desire to select safe products for their children. Nevertheless, these parents tended to select products with a natural source so as to avoid additives, while ignoring quality assurance guarantees such as the JHFA mark, which is an assurance of the quality of the products issued by the Japan Health Food and Nutrition Food Association. Consistent with a report in the United States (36) , the use of supplements by Japanese children was based not on the advice of specialists but more frequently on consultation with friends and acquaintances. Furthermore, the parents who used the non-Vitamins/Mineral supplements were characterized by their intention to promote health and prevent disease.
This phenomenon might be related to the flood of information available in the mass media. Mass media information is sometimes exaggerated, but is nevertheless perceived as truth by consumers, and therefore greatly influences supplement use and feeding behavior (37) . In the present study, less than 20% of parents were aware of Dietary Reference Intakes (4), the dietary guidelines for Japanese, but considered the labels of foods that made nutrient claims related to the required amount and the health effects of certain vitamins and minerals for Japanese (3) . These results show that parents cannot obtain proper knowledge about food and nutrition and the government systems related to nutritional labeling due to the poor communication system between consumers and professionals, and due to the flood of information released from the mass media.
The present findings indicate the existence of the same factors and characteristics related to the use of supplements among young children between Japan and the United States, although the culture, dietary habits, and governmental regulation systems are not the same. Some reports suggest that excessive nutrient intake or premature use of supplements is a health risk (22, 27) , and other reports describe a lack of difference in nutrient intake from food between those children using and not using supplements (22, 32) . In children who are still in the process of forming healthy dietary habits and are growing rapidly, reliance on supplements may result in a disregard for the importance of healthy daily eating habits. Easy use of supplements may be an obstacle for children to establishing a healthy diet in the future. Taken together, it is critical to give parents correct information relating to diet and nutrition, the importance of a balanced diet for children, and the food labeling system. With those individuals in mind, information on expanding the range of the study subjects with the characteristics of the daily or long term use and information on parents in relation to supplements and nutrition should be investigated in depth so that an appropriate response to supplement use can be formulated.
